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Introduction

1
Although there is a large body of experimental data pertaining to the diffusion 2 of cations in olivine, there has been no determination of the detailed atomic 3 scale mechanism by which cationic defects form and move through the crys- rocks, compositional zoning of olivine crystals growing from a melt, the high A c c e p t e d M a n u s c r i p t temperature mechanism of electrical conductivity of the upper mantle, as well 11 as the mantle's viscosity and anelasticity.
12
As a relatively simple ternary oxide, cation diffusion in olivine is also of interest Iron and magnesium are generally disordered over the two M sites but at low 34 temperature there is a kinetically hindered tendency to order with iron pref-35 erentially occupying the M2 octahedera. This effect has been studied using in
36
The most complete set of tracer diffusion experiments is that of Chakraborty 65 et al. (1994) who performed experiments on synthetic crystals of forsterite 66 as well as natural samples of San-Carlos olivine (Fo ≈90 ) at temperatures be-67 tween 1000 and 1300
• C under conditions of controlled oxygen fugacity (pO 2 ). put forward, the first invoking a pO 2 dependent change in the mechanism, and 83 the second invoking interstitial Fe(III) ions in the charge neutrality condition.
84
The effect of pressure on magnesium diffusion was also studied and the activa- and we break diffusion down into a series of "hops" between adjacent sites.
158
Each hop is associated with a migration energy barrier. By making a series kinetic Monte Carlo analysis of the results would be required.
167
Because of the apparent complexity of the potential energy surface discovered 168 in the search for the geometry of magnesium interstitial defects described 
281
Migration energies for each of these hops is given in vacancies is formed and the ions are moved to the surface as: by GGA calculated using a super-cell containing 56 atoms (Brodholt, 1997).
369
Additional calculations using the same potentials and a fully converged super 370 cell gives better agreement with the Mott-Littleton calculations (36.4 eV).
371
Decreasing the size of the super cell will tend to reduce this value explaining 372 the discrepancy.
373
The second major type of intrinsic defect is the Frenkel defect where a vacancy 374 is charge balanced by an interstitial of its own type. In principle, Frenkel 375 defects can form on any of the three sublattices. The oxygen Frenkel:
gives a defect energy of 4.22 eV per defect formed, while the magnesium
379
Frenkel:
382 M a n u s c r i p t yields an energy of 3.37 eV per defect, and the silicon Frenkel defect gives: are required to minimise the free energy).
389
The migration energies presented in section 3.3 equate to activation energies this process can be represented by the reaction:
In the mantle, it would be more realistic for excess MgO to react with pyroxene 411 to form olivine: 
529
M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t M a n u s c r i p t Table 3 Migration energies for magnesium vacancy and interstitial diffusion in forsterite. (a) These failed to converge in the RFO part of the calculation and so an estimate of the transition state is made from the initial search, where the moving ion is fixed and the rest of the structure relaxed, is used, the true energy of the activated state is not expected to be significantly different from this estimate.
A c c e p t e d M a n u s c r i p t Table 4 Defect energies for a range of possible intrinsic defects in forsterite M a n u s c r i p t M a n u s c r i p t 
